Abstract. In conjunction with eddy covariance measurements of CO2 fluxes at the 39.5-m height over a 21.5-m-tall boreal aspen stand in northern Saskatchewan, CO2 concentration was measured at eight heights in order to calculate net ecosystem exchange. During both leafless and full-leaf periods, daytime vertical CO2 concentration gradients above 9 rn were weak (< 0.2 gmol mo1-1 m't), but were strong below this height. Little change in CO2 storage in the air column below 39.5 rn occurred during much of the daytime, while around sunrise and sunset CO2 storage changed mainly below 9 m. For the rest of the night, over 85% of the increase in CO2 storage occurred above 9 m. On some calm nights during the growing season, CO2 also accumulated below 9 rn resulting in a sudden upward CO2 flux at 39.5 rn following the resumption of mixing 2-3 hours after sunrise. A 1 O-day experiment was conducted to determine the spatial variability of CO2 flux in the trunk space. Two eddy covariance systems were mounted just above the understory about two tree heights apart.
Lindl.). The soil, an Orthic Gray Luvisol, has a surface organic layer about 8-10 cm thick above a silty-clay textured subsoil. The topography is relatively level, and the fetch is at least 3 km in all directions. More detailed site descriptions can be found in the work of Black et al. [1996] and Chen et al. [1999] . logging hut. The tubes were heated to prevent condensation using a 22-gauge bare nichrome wire passing inside. Using eight solenoid valves in the hut, air from each level was sequentially pumped using a diaphragm pump through an IRGA (model 6262, LI-COR Inc., Lincoln, Nebraska). A similar system, but with unheated tubes, was used during July through October 1996 [Chen et al., 1999] . COz concentrations at all eight levels were measured for approximately 1 min twice every half hour, and the system was calibrated automatically every 6 hours. Changes in COz storage in the air column beneath the eddy covariance sensors were calculated from these CO2 concentration profile data. The rate of change for a given half hour was estimated by calculating the difference between the mean air COz storage in the previous and following half hours.
COz Flux and Concentration-Profile Measurements
Half-hourly CO2 fluxes were measured using the eddy covariance method at the 39.5-m height above the ground on a 37-m walk-up scaffold tower (main tower) in 1993, 1994, and 1996. [Yang, 1998 ] indicated that CO2 fluxes agreed to within 7%. During the 1 O-day period, August 12-22, 1994, an experiment was conducted to determine the degree of spatial variability in the CO2 fluxes above the hazelnut understory. Eddy fluxes of CO2 at the 5.9-m height on the main tower were made using a KaijoDenki DAT-310 sonic anemometer already operating at this height and an IRGA identical to that on the 6-m tower. These fluxes were compared with those being measured at the 4-m height on the 6-m tower. Because the ground level at the main tower was 0.3-0.5 m lower than that at the 6-m tower, the elevation difference between the two measurement heights was only 1.3-1.6 m, which probably had little effect on the CO2 flux comparison. To compare CO2 concentrations at the 4-m height at the two towers, CO2 concentrations on the main tower were calculated using a rectangular hyperbolic fit to the concentrations measured at the eight heights. (Table 2) . Nonuniformity was probably a result of patchiness of the hazelnut, variability in the depth of the surface organic layer, stone content in the glacial till derived mineral soil, and topographic variability. These results showed that half-hour CO2 exchange rates measured at one location were usually not representative of a large area of forest floor or understory. Over the 1 O-day period, however, the average values of NHE at the two locations were almost identical: 2.3 and 2.2 !.tmol m '2 s 'l on the 6-m and main towers, respectively (Table   3) . Furthermore, the daytime means at the two locations were very similar as was the case for the nighttime means. Table 2 ). In contrast to NHE and H, the diurnal patterns of/IE were very similar at the two locations on 7 of the 10 days [Yang, 1998] . Average values of AE over the 1 O-day riod on the 6-m and main towers were 18 and 21 W m 'z, respectively (Table 3) , which indicates close agreement. Analysis also showed that correlation between/IE at the two locations was very similar for both parallel and perpendicular wind directions ( Table  2 ), indicating that the forest floor and understory were more homogeneous with regard to/IE than NHE. For sensible heat flux, r z was higher for parallel flow (Table 2) ; however, this difference is questionable because sensible heat fluxes above the understory were generally low [Blanken et al., 1998 ].
These comparisons suggest that significant short-term (e.g., half hourly) horizontal variability exists for COz flux in the trunk space all day although it is slightly less during the daytime. Short-term horizontal variability in sensible heat flux is less than that for NHE but still very significant. Latent heat flux shows the least short-term horizontal variability especially when mixing is sufficient, which indicates the feasibility of partitioning evapora- understory/soil can be done using averages over periods at least 5 days long, but not on a half-hourly basis.
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